T his study aimed to evaluate the prevalence of birthweight discordance among twins, to determine the risk cut-off point for birthweight discordance, and to clarify whether perinatal deaths are aggravated by birthweight discordance or by low birthweight itself. A population-based analysis of all twins born between 1995 and 1999 in Japan was conducted using data collected from national birth, death and stillbirth certificates. Birthweight discordance was determined as: higher birthweight minus lower birthweight divided by higher birthweight multiplied by 100. Among twins with a birthweight discordance of more than 15%, the fetal and perinatal mortality rate was higher than that of twins with a discordance of less than 15%. Ninety per cent of the relative cumulative frequency of twin live-births were within 25% of the birthweight discordance. Logistic regression analysis showed that the stillbirth of at least one of the twins is associated with the birthweight of the larger twin and birthweight discordance. It also showed that the stillbirth of both twins in the twin pair is associated with the birthweight of larger twins and the gestational weeks. It was clarified that birthweight discordance was associated with the stillbirth of only one twin in the twin pair, and the stillbirth of both twins in the twin pair was associated with low birthweight itself.
The birthweight discordance of fetuses is a common problem in twin pregnancies, occurring with a frequency that varies according to the definition used (Blickstein, 1991) , with the cut-off points of birthweight difference to larger twins between 10% and 30%. In addition to the fetal risk, smaller twins of birthweight discordant pairs are at increased risk of less favorable mental and physical development, which can consequently lead to disadvantages in adult life (Goyen et al., 2003) . Birthweight discordances is caused by twin-to-twin transfusion, or abnormal functioning of the twins' placenta (Fraser et al., 1994) . Intertwin birthweight disparity may result from a combination of intrinsic variations between the siblings and extrinsic factors that affect fetal growth (Blickstein et al., 1999) . Thus, risk may arise either from low birthweight itself, or from the birthweight discordance. However, the standard definition for a clinically significant growth difference of individuals within a twin pair has not been fully established, making it difficult to compare the risk of birthweight discordance among previous studies (Blickstein & Kalish, 2003; Blickstein & Keith, 2004; Branum & Schoendorf, 2003) .
The aim of this study is to determine the prevalence of birthweight discordance among twins born in Japan, to clarify how birthweight discordance affects perinatal mortality in association with other risk factors, and to examine the clinical and public health implications of intrapair birthweight discordance in a large population of twin births. We conducted the analysis with the hypothesis that birthweight discordance is associated with the stillbirth of only one twin within the twin pair; associated with low birthweight itself is the stillbirth of both twins within a twin pair. It is hoped that the study results will contribute to improved perinatal outcomes for twin pregnancies.
Materials and Methods
In Japan, birth, death and stillbirth certificates are collected by local administrative offices and collected by the Ministry of Health, Welfare and Labor who store the data files on magnetic tape. These data were used for this study, having been identified from certificates for births (110,231 cases), stillbirths (8365 cases) and infant deaths (1036 cases) from 1995 to 1999. The data included information regarding sex, birthweight, gestational age (GA), parity, birth order, and the ages of the father and mother.
As the database does not link the certificates of twins, twins were firstly matched into pairs in order to determine whether the sex of the twins were analogous or disparate, and how large the birthweight discordance was. Criteria used for the identification of twins
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Birthweight Discordance in Relation to Birth Outcome were: (1) the twin siblings were born in the same municipalities, (2) the second twin was born within 10 days of the first twin, and (3) the difference in ages of the parents were within 1 year. Of the twin birth certificate, 98.5 % were paired using this method. Death certificates were linked to birth certificates using the same criteria. Using this method, 96.7 % of death certificates could be linked to birth certificates. The percentage of unpaired birth or stillbirth certificates (1.5%) and unlinked death certificates (3.3%) indicates the exactness of the database. Twins with an unnatural combination of birthweight and GA, defined by standard gender and GA charts, with a recorded birthweight of more than 3 standard deviations from the mean, presumed to be due to the registration error, were eliminated. Following this method, 51,910 livebirth-live-birth twins, 957 live-birth-stillbirth twins, 466 stillbirth-live-birth twins, and 3166 stillbirth-stillbirth twins remained for analysis in this study. Birthweight discordance was calculated by dividing the difference in co-twin birthweights by the birthweight of the larger twin. Cumulative relative frequencies were calculated according to the outcome (live-born or stillbirth) combination and sex combination in order to clarify in what situation birthweight discordance is likely to appear.
The fetal death and perinatal mortality rates were calculated according to the formula that the Ministry has applied for annual statistics since 1995, which is the number of stillbirths after 22 weeks of gestation divided by the sum of the number of live-births and stillbirths after 22 weeks of gestation multiplied by 1000. The perinatal mortality rate was calculated as the number of stillbirths after 22 weeks of gestation plus early neonatal deaths divided by the sum of the number of live-births and stillbirths after 22 weeks of gestation multiplied by 1000.
Factors associated with at least one twin of a twin pair being stillborn and those associated with both twins of a twin pair being stillborn were investigated in order to clarify the association between the fetal death of only one twin of the twin pair and the birthweight discordance. Using logistic regression analysis, 53,248 pairs were analyzed. Of these, 1704 pairs had at least one stillborn twin, and 538 pairs had both twins stillborn. Logistic regression analysis was performed on significant factors, such as the age of the mother and the birth order of individual twin siblings and twins as a pair (presented in Tables 1 and 2 ), using the SPSS 11.5 statistical package for Windows, to adjust for confounding factors (SPSS Inc., 2001) .
Results
The relative cumulative frequency of birthweight discordance with each sex combination and outcome combination category is shown in Figure 1 . The proportion of twins with a birthweight discordance of less than 15% was least in the unlike-sex pairs with live and stillbirth combinations (20.2%), followed by likesex pairs with live and stillbirth combinations (25.8%), like-sex stillbirth twins (46.6%), unlike-sex stillbirth twins (60.0%), and like-sex live twins (74.7%) and unlike-sex live twins (73.1%). At 25% birthweight discordance, cumulative frequencies were calculated for unlike-sex live and stillbirth combinations (31.3%), like-sex live and stillbirth combinations (41.0%), like-sex stillbirth twins (65.4%), unlike-sex Cumulative frequency of twin birth according to sex and vital status of twins.
https:/www.cambridge.org/core/terms. https://doi.org/10.1375/twin.9.2.292 stillbirth twins (78.6%), like-sex live twins (91.5%), and unlike-sex live twins (92.3%). For live twins, the cumulative relative frequency was around 90% for twins with a 25% birthweight discordance for like-sex and unlike-sex twins.
The fetal death and perinatal mortality rates for each birthweight discordance category are shown in Figure 2 . Fetal death rate and perinatal mortality rate were the lowest (10.1 and 14.8, respectively) in the 5% to 10% birthweight discordance category, which were statistically similar to those in categories with the birthweight discordance of 0% to 5%, and 10% to 15%. Fetal and perinatal mortality rates increased when the birthweight discordance was greater than 15%, when the risk tripled, and were more than five times the level of the 0 to 14% birthweight discordance category when the birthweight discordance was 30%.
Effects of the factors affecting at last one twin being stillborn within the twin pair are shown in Table 1 . The crude odds ratio showed a strong effect of birthweight on larger twins, birthweight discordance and gestational weeks. After adjustment for confounding factors by logistic regression analysis, birthweight discordance was the major factor followed by the birthweight of the larger twin. Table 2 shows the effects of the factors affecting the stillbirth of both twins within a twin pair. Univariate analysis showed the important effects of the birthweight of the larger twin and of gestational week. According to logistic regression analysis, the largest effect was the gestational week, followed by the birthweight of the larger twin within the twin pair.
Discussion
Two factors affect the identification of the threshold of birthweight discordance: the relative cumulative frequency of birthweight discordance and the perinatal outcomes of birthweight discordance. While less than 10% of live-birth twins have a birthweight discordance larger than 25%, the perinatal mortality becomes significantly higher when the birthweight discordance is greater than 15%. Blickstein (1991) sent a questionnaire to 96 authors of twin-related obstetric articles in order to establish a protocol regarding the definition, diagnosis and management of growth-discordant twin gestations. Their results supported a two-grade definition, namely, mild (higher than 15% and lower than 25% birthweight disparity) and severe (higher than 25%) growth discordance. Our findings are consistent with Blickstein's (1991) definition of the birth discordance risk threshold.
The significance of birthweight discordance differs according to the severity of the discordance. Smaller twins in severely discordant pairs are at a disproportionate risk for perinatal mortality. Mild discordance is supposed to represent a normal variation between twin pairs, whereas severely discordant pairs often indicate the existence of some factor restricting normal growth. Mild discordance could also be seen as an adaptation to the limited intrauterine space in order to increase GA (Blickstein, 1991) .
Our analyses estimated the risk of fetal death for twins both as individual twin siblings and as twins as a pair. Analysis was conducted on twins where one of the siblings was stillborn and on twins where both were stillborn. To find out the effect on the perinatal mortality of twins, the actual birthweight, GA and birthweight discordance of the twins were adjusted for one another. Our analyses also controlled for the confounding effects of family status, and other important pregnancy-related factors, such as parity.
Increased perinatal death due to preterm gestation and low birthweight might have been observed in addition to birthweight discordance in the data used. However, our aim was to estimate the risk of perinatal death associated with birthweight discordance independent of the birthweight and GA of each twin as a pair and each twin as individual siblings.
The existing scientific evidence on the relationship between birthweight discordance and perinatal mortality is conflicting. Some studies (Cheung et al., 1995; Fraser et al., 1994; Rydhstrom, 1994; Talbot et al., 1997; Yalcin et al., 1998) report an association between birthweight discordance and fetal/infant death. In contrast to these findings, several studies challenge the clinical importance of birthweight discordance and argue that the actual birthweight of each twin within the pair, rather than the difference between the twins, is the most important determinant of outcome (Fraser et al., 1994; Talbot et al., 1997) . In our study, the observation of individual siblings in twins was that birthweight was the strongest factor contributing to fetal death rates, and GA for early neonatal death. After adjusting for other factors, the effect of birthweight discordance was still significant both for fetal death and early neonatal mortality. In twins as a pair, the strongest factor affecting the fetal death of live and stillborn twins was the birthweight of the smaller co-twin, whereas the risk for live-birth twins was GA. After adjusting for other factors, the effect of birthweight discordance remained significant for live and stillborn twins, but for live-birth twins, little significance was found for birthweight discordance. (2004) have pointed out that severely discordant twins where the smaller co-twin is also small for GA are at an increased risk of neonatal death. Identification of this group is an imperative step in the management of birthweight discordance in twin gestations. Demissie et al. (2002) demonstrated that the increased risk of neonatal death among discordant twins is probably due to death from congenital anomalies. These results suggest that the association between stillbirth and weight difference may arise from a common origin. The risk increase was even higher for those small-for-gestational-age twins who were at the same time birthweight discordant.
The effect of birthweight discordance upon perinatal mortality should be interpreted in the light of potential differences between the fetal weight at death and birthweight as a result of fetal maceration (Demissie et al., 2002) . In a study that estimated fetal weight 2 weeks before delivery and compared it with the actual birthweight (Nzeh et al., 1992) , a significant difference was not found between the mean fetal weight and birthweight. However, if the interval between the death of one twin and the delivery of the co-twin is long, the birthweight of the dead twin may be unreliable. A well-designed study of twin pregnancy with a single stillborn fetus showed that 69% of mothers went into spontaneous labor within 7 days of diagnosis of a stillborn fetus, 86% within 35 days, and 100% within 56 days (Santema et al., 1995) .
Research documents that there may be other risk factors affecting birthweight discordance. Yalcin et al. (1998) showed that the effect of birthweight discordance may differ according to GA. Several investigators have restricted their analyses of discordance to either preterm or term gestations (Cheung et al., 1995; Talbot et al., 1997) . Demissie et al. (2002) performed analyses after stratifying the data by GA categories (17-31, 32-36 and 37-41 weeks). They (Demissie et al., 2002 ). An increase in birthweight discordance was associated with an increased risk of a stillborn fetus in the smaller and larger twin of the same sex, as well as in the smaller twin of oppositesex twins. Cheung et al. (1995) state that birthweight discordance does not differ according to chorionicity. Chorionicity is actually an important factor for the birth discordance of twins and fetal mortality (Demissie et al., 2002) . Likewise, birth length is said to be a risk factor for perinatal mortality (Melve et al., 2000) . Unfortunately, our study was not able to analyze the relationships between GA, sex combination, chorionicity and birth length. Thus, this limitation may introduce some bias into the analysis (David, 1980) . Inaccuracy and incompleteness of GA based on the last menstrual period date as reported on the birth certificate can be another problem on data quality. This measure is subject to error, but has been demonstrated to be the most accurate available on a population-wide basis (Alexander et al., 1995) . Similarly, the underreporting of stillborn fetuses is likely to occur on birth certificates and in stillborn fetus data in general (David, 1980) . In conclusion, these results provide evidence that increased twin birthweight discordance is associated with the increased intrauterine death of only one twin within the twin pair. Our study identified the clinically important threshold for birthweight discordance of twins, and we hope that this will lead to more accurate risk identification and thus, improved treatment in the clinical setting.
